Obective: The safety of intralaryngeal injection of cidofovir remains A concern. Our goal was to evaluate local and systemic effects of intralaryngeal injection of cidofovir. Study Desigm Animal study using a canine model. Methods: Two groups of three young bcaglo dogs (0 vocal folds in each group) were used. Subepithelial vocal fold injections were performed in each group biweekly for 8 months with 0,2.5,5,10,20, and 37.5 mg cidofovir in a 0.5 mL volume. Direct laryngoscopy was performed at each injection interval. Complete blood cell count and renal parameters were measured at baseline and monthly thereafter. Histopathologic examination of the vocal folds was performed after the G-month injection period in one group of animals and after a n additional Emonth observation period in tho second group. Results: Endomysial edema with muscle fiber separation and dose-dependent atrophy and scarring of the vocal folds was present. Onset of atrophy and scarring was observed after 3,7, and 11 injections in the vocal folds injected with 37.5, 20, and 10 m g cidofovir, respectively. After the G-month observation period, recovery of histologic abnormalities was complete in the lowdose (0, 2.5 mg) vocal folds, near complete in the intermediato-doso (6, 10 mg) vocal folds, and no apparent recovery was seen in the high-dose (20, 37.5 mg) vocal folds. Leukocyte count and renal parameters rcmnined unchanged at up to 4.26 mgkg body weight of systemic dose of cidofovir. Conclusions: Intralaryngeal cidofovir leads to dose-dependent scarification of the vocal folds that appears irreversible at higher closcs. Lower concentrations of this drug should bo used in intralesional intralaryngeal use.
INTRODUCTION
Cidofovir (Gilead Sciences, Foster City, CA) is a nucleoside analogue antiviral drug approved for the treatment of cytomegalovirus retinitis in patients with acquired immune deficiency syndrome. It has also been shown to be effective against a broad range of DNA viruses, including human papillomas virus (HPV).lV2 Several case reports have found dramatic resolution of laryngeal papillomas after intralesional injection of cidofovir. 1-7 This drug is therefore being increasingly used by otolaryngologists as adjunctive therapy in the treatment of aggressive recurrent laryngeal papillomatosis.
The safety of intralaryngeal injection of cidofovir has not been studied. When administered intravenously, the major toxicity of cidofovir is renal impairment. To reduce possible nephrotoxicity, the manufacturer recommends intravenous prehydration with normal saline and administration of probenecid with each intravenous drug infusion. Neutropenia is the other major side effect of cidofovir therapy, and monitoring of the leukocyte count is also recommended during therapy. The renal and hematologic effects of intralaryngeal injection of cidofovir are unknown. Finally, laryngeal tissue reaction to injections of cidofovir has not been studied.
The primary focus of published reports on intralesional treatment of laryngeal papillomas with cidofovir has been control of papillomas. However, despite its increasing use, the role of this drug in the treatment of laryngeal papillomas remains to be established. In light of the increasing use of cidofovir for laryngeal papillomas, our goal was to study the local (tissue reaction) as well as systemic (renal and hematologic) effects of repeated intralaryngeal cidofovir injections at various predetermined doses.
MATERIALS AND METHODS
The institutional animal research committee approved this study. A canine model was used because the canine laryngeal structure closely resembles the human larynx. Two groups of three young healthy beagle dogs (6 vocal cords per group) were used. Experimental injection parameters were identical for each group. The first group (group 1) was killed immediately at the conclusion of the &month injection period. The second group (group 2) was killed after a 6-month observation period. 10 mg (ZOrng/mL), and the third animal received 20 mg (40mg/mL) and 37.5 mg (75mg/mL) to the left and right vocal folds, respectively. The injection volume was delivered at the midcord in the subepithelial layer using a 25 gauge needle on a 3 mL syringe.
Venipuncture was performed at baseline and every 4 weeks, and a complete blood cell count, renal parameters (blood urea nitrogen [BUNl and creatinine), electrolytes, and liver function tests were measured. At the end of the 6-month treatment period, one group was humanely killed per established protocol. The second group was observed for another 6 months and then killed. Laryngectomy was performed after death. The larynges were f i e d in formaldehyde, decalcified using EDTA, and coronally cut at 0.5 cm slices from the anterior commissure to the vocal process edema is seen as expanded spaces between individual mu-scle fibers (*). (B) Complete recovery is seen after the 6-month observation period. LP = lamina propria. Group 1 was killed at the end of study period. Group 2 was killed after an additional 6-month observation period.
RESULTS
All animals tolerated vocal fold injections. All animals were injected every 2 weeks for 24 weeks. Direct laryngoscopy was performed just before the next scheduled injection. The effective systemic dose of cidofovir ranged between 0.14 and 4.26 m a g of body weight ( Table  I) .
Direct Laryngoscopy
After three injections, punctate nodular thickening was observed in several animals in a dose-independent m a n n e r at the needle insertion site on the vocal fold surface. These tended t o resolve with time and were attributed t o needle trauma. However, vocal folds receiving 37.5 mg cidofovir injections (75 mg/mL) appeared somewhat pale and thicker throughout the length of the vocal fold. After seven injections, these folds not only continued to appear paler but also thinner, suggesting vocal fold atrophy. At this time, vocal folds receiving 20 mg cidofovir injections (40 mg/mL) also appeared pale. After 10 injections, vocal folds injected with 20 mg and 37.5 mg cidofovir were grossly atrophic. In addition, increased resistance to vocal fold injection was encountered, suggesting vocal fold scarring. Vocals folds injected with control saline and 2.5 mg (5 mg/mL) and 5 mg (10 mg/mL) cidofovir appeared normal throughout the experimental period. Vocals folds injected with a 10 mg (20 mg/mL) dose also appeared pale after the 11th injection; however, the study was ended after 12 injections per protocol.
Histology layer of the vocal fold was the most dramatically affected. The histologic changes were similar between the vocal folds injected with 0 and 2.5 mg cidofovir, 5 and 10 mg cidofovir, and 20 and 37.5 mg cidofovir. Therefore, for the purposes of histologic description, they are grouped in into low-, intermediate-, and high-dose groups, respectively. A moderate amount of endomysial edema was present in the thyroarytenoid muscle at the low doses (0 and 2.5 mg cidofovir per dose). The edema was limited to approximately the superficial 20% of the muscle, and deeper muscle fascicles were intact without endomysial edema. After the 6-month observation period, this edema completely resolved, and the muscle appeared normal (Fig. 1) .
Moderate amounts of endomysial edema were also found in the thyroarytenoid muscle at the intermediate doses (5 and 10 mg cidofovir per dose). The edema was limited to the superficial one third of the muscle, and deeper muscles appeared intact. In contrast with the lowdose group, some endomysial fibrosis was present as well.
After the 6-month observation period, near complete resolution of endomysial changes were seen. Several areas of mild residual endomysial edema without fibrosis could still be appreciated in the superficial layers (Fig. 2) .
The most dramatic changes of the thyroarytenoid muscle were seen at the high doses (20 and 37.5 mg cidofovir per dose). Full thickness atrophy and necrosis of the thyroarytenoid muscle was present. Severe edema and fibrosis of the endomysium and an associated perimysial inflammatory infiltrate composed of plasma cells, lymphocytes, and macrophages were present. No recovery was seen after the 6-month observation period (Fig. 3) .
Laboratory
There were no clinically significant changes in leukocyte count, renal parameters (BUNIcreatinine), electrolytes, or liver function tests (Table 11) .
DISCUSSION
Recurrent respiratory papillomatosis (RRP) is a recalcitrant disease that is often frustrating to treat. The multitude of recently published case reports reporting better control of RRP with addition of intralesional cidofovir provide a new armamentarium with which to treat this disease. However, a better understanding of the local and systemic toxicity of intralaryngeal injection of cidofovir must be obtained before embracing this therapeutic modality. Pain, pruritus, and rash at the application site after topical cidofovir (1% gel) and development of subcutaneous nodules at the injection site (presumably fibrosis) after subcutaneous injection (3 m@g) have been reported.8*9 Acute renal failure in a patient with chronic renal failure after topical use of 1% cidofovir gel has also been reported. lo This study finds that intralaryngeal injection of cidofovir leads to dose-dependent toxicity to laryngeal muscles. Published reports on intralesional injection of cidofovir for RRP have typically used the drug at a concentration between 1.25 mg to 5 mg/mL and a maximum dose of 1 mg/kg body weight. In this study, although we see complete resolution of endomysial edema in the low-dose (2.5 mg/dose) group, residual endomysial edema was still present in the intermediate-dose ( 5 and 10 mgl dose) group even after 6 months of observation. Residual edema in the intermediate-dose group was limited to the most superficial thyroarytenoid muscle layer. At higher doses (20, and 37.5 mg/dose), cidofovir injections caused full thickness damage of the thyroarytenoid muscle. These changes appear irreversible because no evidence of recovery was seen after the 6-month observation period. Lower concentrations of cidofovir should therefore be used in intralesional intralaryngeal use for RRP, and injection into the true vocal folds must be limited to prevent scarring.
One may question whether the changes observed in this study were effected by the dose or the concentration of cidofovir. Would similar results be obtained if the same amount of drug were injected at different concentrations? At the small volume used to inject the vocal cords for this study, the dose and concentration are tightly related, the concentration being just twice the dose, and the results can be viewed in terms of either the dose or the concentration. However, because histologic abnormalities of muscle were localized to the injection site, and muscle further away from the injection site appear relatively normal, the concentration of the drug is likely more important. The volume injected into the vocal folds must necessarily be restricted to avoid airway compromise. In the treatment of children with laryngeal papillomatosis, we use 1 mg cidofovirkg body weight at 5 mg/mL concentration. A 30 kg child would thus receive 6 mL of cidofovir injection at multiple sites in the larynx." The vocal cords typically receive only 0.5 mL (2.5 mg) on each side. Using these parameters, we have never seen any laryngoscopic evidence of atrophy or scaning.
The phamacokinetic properties of intralaryngeal injection of cidofovir have not been studied. Wachsman et ale9 conducted a phase I and I1 trial to assess the bioavailLaryngoscope 11 3: November 2003 Chhetri et al.: lntralaryngeal Injection of Cidofovir ability and pharmacokinetics of cidofovir administered orally and subcutaneously. They reported equivalent bioavailability of the subcutaneous injection to intravenous route. Given anatomic similarities of the subcutaneous layer to the subepithelial vocal fold layer, the bioavailability of intralaryngeal injection is expected to be equivalent to the intravenous mute. Thus, the effective systemic dose in our study animals ranged from 0.14 to 4.26 mgkg body weight ( Table I) . There was no evidence of renal or hematologic toxicity at these doses (Table 11 ). In addition, complete electrolyte panels and liver function tests were also obtained in the animals, and no noticeable changes were observed. Therefore, from the systemic standpoint, cidofovir appears to be safe at the maximum dose of 1 mgkg typically used for intralaryngeal intralesional use.
CONCLUSION
Intralaryngeal injection of cidofovir induced dosedependent localized toxic injury to muscle, and induced vocal fold atrophy and scarring. These effects appear irreversible at the higher doses. "he epithelial and lamina propria layers appeared histologically unaffected. Renal and hematologic toxicity was not observed up to a systemic dose of 4.26 mgkg of body weight. Lower concentrations of cidofovir should be used in intralesional intralaryngeal injections.
